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MID  TERM  PROGRESS  REPORT 

Prom  Juna  1,  1991  -  November  30,  1992,  research 
activities  have  been  aimed  at  the  following  areas. 

Establishing  human  Kidney  maximal  call  fPT  Calll 

culture  in  the  laboratory  from  human  cadaver  kidneys. 

Essentially  the  same  procedure  (1)  as  described  in  the 
research  project  was  followed  to  culture  human  PT  cells. 
Confluent  cultures  of  PT  calls  were  subculturad  employing 
digestion  with  trypsin  and  passaged  up  to  2-3  times. 
Confluent  cultures  of  PT  cells  were  harvested  and  stored 
frozen  for  the  isolation  of  GSL. 


Isolation  of  Glvcosphlnaolipids  /GSL)  from  human 

iOdMXZEL  cells . and.. other,  .tissues, 


GSL  were  isolated  from  human  kidney  or  PT  cells  by  the 
procedure  described  previously.  (2)  GSLs  were  also  prepared 
from  rat  kidneys,  human  brain,  erythrocytes  and  human 
intestine  as  above.  The  GSLs  were  separated  by  thin  layer 
chromatography  on  silica  gel-G  HPTLC  plates  (Merck)  using 
chloroform-methanol-water  (S5:2S:4  v/v)  as  the  sclvent 
system,  and  were  identified  using  aniline  diphenylamine 
(DPA)  reagent.  Figure  1  shows  the  separation  of  human 
kidney  GSL  on  a  high  performance  thin  layer  chromatography 
(HPTLC)  plate.  The  major  GSL  species  observed  in  human 
kidney  were  glucosylcaramide  (GlcCer) ,  lactoaylceramide 
(LacCer) ,  trihexosylceramide  (Gbos^Cer)  and 
tetrahexosylceramide  (Cbos*4Car)  (Figure  1) . 

SBB  Receptor.,  Idtntiricflt Ion 


Staphylococcal  enterotoxin-B  (SEB)  was  radiolabellad 
with  l25I  using  Iodogen  and  was  used  for  overlaying 
procedures  (3) .  GSL  from  human  kidney  or  PT  cells  were 
separated  as  described  above  and  identified  using  DPA 
reagent  (Fig.  2A) .  A  duplicate  plate  was  incubated  with 
125I«SEB  for  binding  to  the  individual  glycosphingolipids. 
Autoradiograms  of  the  plate  were  then  analyzed  for  binding 
activity.  Figure  2B,  an  autoradiogram,  shows  that  125I-SEB 
bound  to  human  kidney  SSL,  corresponding  in  chromatographic 
migration  to  LacCer.  125I-SE8  binding  to  GSLs  derived  from 
rat  kidney,  human  brain  or  human  intestine  was  not  observed. 
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Binding  of  SEB  to  purified  kidney  GSL  JSEB-RegfiBtffigL^ 

The  GSL  fraction  shoving  binding  with  125I-SEB  on  HPTLC 
plats  wa3  purified  as  described  and  referred  to  as  SEB 
receptor  (SR) ,  The  binding  of  SEB  to  this  receptor  was 
assayed  by  measuring  the  attachment  of  125I-SEB  to  this 
putative  receptor  (SR)  immobilized  on  microtiter  plates 
(Immunolon  wells)  (4) .  The  125I-SEB  binding  to  GSL  derived 
from  human  kidney  (HKGSL) ,  the  SR,  LacCer  and  the  GSL 
derived  from  rat  kidney  (RKGSL)  is  shown  in  Figure  3.  HK  GSL 
and  the  SR,  both,  showed  significant  binding  to  125I-SEB. 
Maximal  binding  of  SEB  to  HKGSL  and  SR  occurred  at  a 
concentration  of  100  ng/well  and  20  ng/vell,  respectively. 

At  this  concentration,  the  SR  binding  to  SEB  was  5-fold  more 
than  HK  GSL.  A  significant  decrease  in  125I-SEB  binding  to 
HKGSL  was  observed  at  a  concentration  of  100  ng/well  and 
above.  A  similar  inhibition  was  observed  with  SR  at  the 
concentration  of  more  than  20  ng/well.  This  observed 
decrease  in  binding  could  be  due  to  the  formation  of 
multilamellar  layers  in  the  well  at  these  GSL  concentrations 
which  have  been  reported  to  result  in  the  inhibition  of  the 
receptor  binding  (4).  Synthetic  LacCer  also  bound  some 
125I-SEB;  at  a  GSL  concentration  of  20  ng/well  it  bound 
125I-SEB  in  the  order  of  26  fold  less  than  purified  SEB 
receptor  GSL,  (Figure  3) .  Increasing  the  concentration  of 
svntnetic  LacCer  in  the  assay  mixture  did  not  increase  its 
l25I-SEB  binding  further,  showing  saturable  binding  of  this 
GSL  at  low  concentrations.  RKGSL  did  not  bind  to  I25I-SE3 
at  these  concentrations  (Figure  3).  SEB  did  not  bind  to 
LacCer  prepared  f-om  rat  kidneys  (data  not  shown) . 


Specificity  of  ^I-SEB  Binding 

The  specificity  of  SEB  binding  to  SR  was  assessed 
further  employing  various  structurally  defined 
glycosphingolipids  in  Table  1.  These  were  GalCer,  GlcCer, 
Gbose4Cer,  GM^,  GTjb,  and  sulfatide  (S<>4-CalCer) .  At  GSL 
concentration?  on  the  order  of  10-1000  ng/well,  a  marginal 
binding  of  125I-SEB  to  these  GSL*  were  seen.  At  low 
concentrations  of  GSL,  125I-SEB  did  not  bind  to  any  of  these 
GSLs.  (Data  not  shown) . 

Characterization  of  SEB  Receptor 

The  putative  GSL  receptor  for  SEB  (SR)  is  at  present 
being  characterized  further. 


Grant  No.  DAMD17-91-Z-1027 


Hinh Performance  Liquid  Chromatography  (HPLC)  of  SEB 
Receptor 

Purified  SEB  receptor  GSL  was  perbenzoylalated  by  the 
method  of  Ullman  and  McCluer  (5)  and  a  suitable  aliquot  was 
subjected  to  HPLC  on  a  Spherisorb  Si-5  column  with  detection 
at  230  na  as  described  (6).  Zn  figure  4  (B)  a  HPLC 
chromatogram  of  the  purified  SR  is  presented.  It  resolved 
into  two  main  peaks,  with  retention  times  on  the  order  of 
8.49  min.  and  8.74  min,  respectively.  The  standard  LacCer 
(stearoyl  LacCer)  under  similar  conditions,  also  resolved 
into  two  peaks,  having  lower  retention  times  on  the  order  of 
8.14  and  8.39  Figure  4  (A).  The  SR  GSL  was  quantified  using 
a  standard  curve  prepared  with  authentic  LacCer. 


Gas. .ChrpmatO-qraohVTMass  Spectrometry  (GC-MS)  of  SEB  Receptor 

The  SR  was  subjected  to  acid  catalysed  methanolysin. 

The  methylglycosides,  methyl  fatty  acids  and  methyl 
shingosines  were  derivatized  employing  trimethylchlorosilane 
and  analyzed  on  an  Ion  Trap  Detector-800  (ITD-800)  GC-MS 
using  DB-5  capillary  column  (0.2S  X  30  m) .  Table  2  shows 
the  percent  fatty  acid,  sphingosine  composition  and  sugar 
ratio  of  SR.  The  GC-MS  chromatogram  of  SR  is  shown  in 
Figure  5.  The  preliminary  data  shows  it  to  contain  mainly 
three  fatty  acids,  namely  methyl  palmitato  (CIS;  molecular 
weight  270.46);  methyl  elaidate  (C  18:1;  molecular  weight 
296.48)  and  methyl  stearate  (C13;  molecular  weight  298.51); 
two  sugars,  namely  glucose  and  galactose  and  three 
sphingosine  bases  (dl8:2,  d22:2,  d23:0).  Further  GC-MS 
analysis  of  this  GSL  is  in  progress. 


Publications 

The  following  papers  and  abstracts  were  published 
during  June  1,  1991  -  November  30,  1992. 
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Structure  of  Glvcpsphlngollpids  Used  to  Determine 
Specif  iCltV.  Qg  Binding 


1.  Lactoayl  Ceraaide  Gal (Bl-4 )Glc-Cer 

2.  Glucoayl  Ceraaide  Glc-Cer 

3.  Galactosyl  Ceraaide  Gal-Car 

4 .  Globoside 

GalNAc  (Bl-4)Gal(  Bl-4) Gal (Bl-4) GlcBl-lCer 

5.  Trisialoganglioside: 


NeuAc2-3Gal (Bl-3) GalNAc (Bl-4) Gal (Bl-4 )GlC( 1-1) Car 

3 

\ 

-NeuAc2-8  -  NeuAc2 

6.  Monosialogangliosida: 

NeuAc2-3Gal (Bl-4) Glc (Bl-1) Car 


7 .  Galactosyl  Sul fat ids 


S<>4-Gal-C*r 
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Tabla  2. 


1.  Carbohydrates: 


Galactose 

Glucose 


10.28  nmol 


14.12  nmol 


Sphingosine: 


Gal/Glc 


1:1:37 


dl8:2 

45.34 


d22:2 

8.04 


d23 : 0 
46.62 


Fatty  Acid 


C16  C18 : 1 (8-ene)  D18 

23.96  30.78  39.24 
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Figure  /I  -  HPTLC  of  human  kidney  glycosphingolipida  (GSLs) 
on  an  .HPTLC  (silica  gel  G)  plate  using  chlorofarm-mathanol- 
water  (65:24:4  v/v) .  The  plate  was  dried  in  air  and 
developed  with  aniline  diphanylamine  reagent.  Lane  1  -human 
kidney  GSL;  Lane  2  -  cultured  proximal  tubular  cell  GSL. 

Figure  #2  -  Binding  of  12aI-labelled  Staphylococcal 
enterotoxin-B  (SEB)  to  glycosphingolipids  (GSLs)  separated 
by  high  performance  thin  layer  chromatography  (HPTLC) .  A  - 
GSLs  detected  wich  aniline  diphenylaaine  reagent;  B  -  GSL 
detected  by  radioautography  (exposure  ti»e:18hrs.)  employing 
125I-SEB  (1  X  105  cpm/ml;  incubation  for  4  h  at  room 
temperature) .  Lanes  1  and  6  -  Human  kidney  GSL;  Lanes  2  and 
5  -  PT  cell  GSL;  Lanes  3  and  4  -  rat  kidney  GSL. 

Figure  #3  -  Binding  of  12SI-i«bellad  staphylococcal 
entertoxin-B  (SEB)  to  glycosphingolipids  (GSL)  coated  on 
microtiter  wells.  Data  are  expressed  as  mean  values  of 
triplicate  determinations.  The  X-axis  indicates  the  amount 
of  GSL  coated  to  microtiter  wells. 

Figure  #4  -  L^LC  analysis  of  perbenxoylated  (GSL)  A  - 
LacCer;  B  -  Staphylococcal  enterotoxin-B  receptor  (SR) . 

GSLs  were  banzoylated,  dried,  suspended  in  hexane  and 
injected. 

Figure  #5  -  t3aes  chromatograms  (SA  -  SC)  of  staphylococcal 
unt«rotoxin-B  receptor  (SR) .  5  (A)  mass  chromatogram  of  SR 
carbohydrates  and  sphingosine;  5  (8)  mass  spectrum  of  SR 
sphingoaines;  S  (C)  mass  chromatogram  of  fatty  acids. 

Figure  #6  -  Mass  spectrum  (6A  -  6C)  of  SR  fatty  acids.  6  (A) 
C16 ,  methyl  palmitate;  6  (B)  C18:l,  methyl  elaldate;  6  (C) 
C18:0,  methyl  stearate 
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Abstract 

We  have  investigated  the  binding  of  "'l-staphylococcal  entenuoxin-B  (SEB)  in  cultured  human  proximal  tubular 
cells.  We  found  that  the  binding  of  '-'l-SEB  to  PT  cells  was  time  and  concentration  dependent  and  competitively 
inhibited  by  antibody  agairst  SEB.  Preincubation  of  cells  with  trypsin  and  neuraminidase  or  with  fetuin  did  not 
significantly  impair  the  hindi  ig  of  i;'l-SEB  to  such  cells.  In  contrast,  treatment  with  endoglycoccramidase  completely 
u.hibited  the  binding  of  i;,l-SEB  to  cells.  Neutral  glycosphingolipids  exerted  a  concentration-dependent  inhibition  of 
:T-SEB  binding  to  such  cells,  maximum  inhibition  (%%  compared  to  control)  occurred  upon  incubation  of  PT  cells 
with  neutral  glycosphingolipids.  Taken  together,  our  studies  indicate  that  SEB  specifically  binds  to  a  neutral 
glycosphingoliptd  in  PT  cells.  In  contrast,  staphylococcal  ;nierotoxin-A  and  toxic  shock  toxin  (TST-I)  arc  bound  to  a 
protein  in  such  cells.  (Mol  Cell  Biochem  113:  25-31.  1992) 

Abbreviations.  SEB  -  Staphylococcal  Enterotoxin-B;  SEA  -  Staphylococcal  Enlerotoxin-A;  TST-I  -  Toxic  Shock 
s  syndrome  Toxin;  GSL  -  Glycosphingolipiu;  PT  -  Proximal  Tubular;  LPDS  -  Lipoprotein  Deficient  Serum;  PBS  - 

Phosphate  Buffered  Saline 

,  Key  ivords  glycosphingolipids.  kidney  proximal  tubular  cells,  staphylococcal  enterotoxin-A.  B.  toxic  shock  syn¬ 

drome  toxin 


Introduction 

Staphyiococcal  enterotoxin-B  (SEB)1  is  an  important 
pathogen  which  causes  severe  diarrhea  and  death  in 
experimental  animals  and  man  { 1 1.  Recently.  HLA-DR 
in  human  TC8  cell  lines  were  found  to  have  high  affin¬ 
ity  binding  for  SEB.  SEA  and  TST-I  |2|  The  binding  of 
SLA  to  class  I!  major  hislocompjtjbility  complex 


(MHO  molecules  of  murine  fibroblasts  transfected 
with  HLA  class  Ml  has  been  noted  |2.  3|.  However, 
localization  and  biochemical  tracer  studies  reveal  that 
the  kidney  plays  a  major  role  in  the  uptake  of  the  toxin 
prior  to  its  potent  effect  on  other  organs  |4.  5|  |n 
particular.  75"..  of  radiolabeled  toxin  given  to  monkeys 
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Fn:  /  Hind.ng  of '  7 -Sutphx  Ute<x  i  at  cturrtHtmnR  (St.  Hi  h\ «  uhurcd 
normal  hutran  pnntmot  mhular  (PTt  rW/t.  Hunun  PT  ccllv  I  *  10*) 
wt*rcr  seeded  in  Nl  Y  15  mm  pljviic  pctn  dtvhcv  jnti  gro«n  in  medium 
com  jinme  M>"„  fetal  calf  serum  without  untitaxicv  On  the  sixth  dux 
ot  cell  growth,  ivlh  were  fed  medium  ctmuimng  l  mg  protein  ml  o< 
lipoprotein  deficient  serum  ( LPDS)  and  nxrufaHcd  for  24  hours  Sub¬ 
sequently.  frevh  medium  containing  LPDS  and  0-5 Mft'ml  »>f  ,:‘I-S£B 
( speed k. -activity  Ih^cpm  r»g). ’“I -SEA  (specific activity,  llhcpm-ng) 
and  TST  I  fspeolic  activity.  KUcpm'nf)  wav  added  to  <hk  set  of 
dishes  To  ao.it her  set  of  divhe*.  poof  to  the  addition  of  'l-toxm.  2U 
IoM  excess  of  correvfwttxdmg  unlahckd  toxin  wav  added  and  incuba¬ 
tion  was  continued  for  2  hr  at  ST  C.  Next,  medium  wax  removed  and 
the  vdh  were  washed  ten  times  with  »ec-co4d  phosphate  hollered 
saline  (FBS)  ft>r  a  period  of  about  .Klmm. 

The  sam',ifcv  were  votUnii/ed  o'cnught  with  IN  NaOH  an  1  ccH 
associated  radniactixitv  and  protein  comen;  was  measured  AM  assays 
wen:  pursued  in  duplicate  disiies  from  two  hatches  of  PT  celts  and 
mclyicd  in  duplicate  Specific  Nmltog  t.e.  funding  ir.  the  absence  m 
unljhekrd  toxin -binding  in  the  presence  of  unlabcled  toxin  wav  calcu¬ 
lated  and  plotted. 

was  found  in  PT  cells  in  the  kidney  [l|.  Because  of  the 
availability  of  well  characterized  human  kidney  PT  ceil* 
in  our  laboratory  (6).  we  have  pursued  studies  to  deter¬ 
mine  the  biochemical  nature  of  the  receptor  for  SEB  in 
such  cells.  Compctetive  high  affinity  binding  studies  of 
SEB  with  SEA  and  TST-I  were  pursued  to  reveal 
whether  such  ioxins  bound  to  similar  or  different  bind¬ 
ing  domains  in  PT  cells. 

Materials  and  methods 

Isotopes  and  chemicals 

'■’‘I  (specific  activity  644  MBqTzg  iodine )  was  purchased 


from  Dupont.  Now  England  Nuclear.  All  other  bio¬ 
chemical*  were  purchased  from  Sigma  Chemical  Co.. 
Si.  Louis.  Vibrio  cholera  neuraminidase  and  Rhodo- 
coccuscndoglvcoccramidasc  were  purchased  from  C'.tl- 
hiochem  and  Genzyme  Corporation.  Boston,  respec¬ 
tively.  "Phorcast"  polyacrylamide  gels  and  Rainbow 
protein  markers  (Mr  2.350-Mr  46.1X10)  were  purchased 
from  Amersham  Corporation  Human  hrain  ganglio- 
sides  and  human  kidney  neutral  glycosphingolipids 
were  prepared  in  our  laboratory  |7|  and  characterized 
employing  HPTLC  and  HPLC  techniques  |K|.  Human 
low  densiiy  lipoproteins  (LDL;  I.OIV-1.063  gm/dl)  and 
lipoprotein  deficient  plasma  was  obtained  from  the 
plasma  of  normal  human  volunteers  by  KBr  density- 
gradient  ultracentrifugation  [d|  Lipoporotcin-deficicnt 
serum  (LPDS)  was  prepared  from  lipoprotein-deficient 
plasma  by  precipitation  with  thrombin  as  described 
|I0J.  Such  preparations  were  free  from  glycosphingoli¬ 
pids  and  cholesterol. 

Preparation  of  SEB  toxin  and  radio  labeling  with  '  "I 

Commercially  available  SEB.  SEA  and  TST-I  were 
labeled  with  ,:T  using  mdogen  [ll|.  solubilized  in  sam¬ 
ple  buffer  and  subjected  to  polyacrylamide  gel  electro¬ 
phoresis  on  Phorcast  gels  at  12.5  milli  amp/gel  for  24  h  at 
room  temperature.  Appropriate  standard  proteins  of 
known  Mr  were  also  electrophorescu  simultaneously 
Following  electrophoresis,  a  portion  of  the  gel  including 
the  standard  molecular  weight  proteins  was  sliced  and 
stained  with  coomassie  blue  at  NI°C  for  5-IOmin.  The 
gel  area  corresponding  to  Mr  2H.IXX)  for  SEB  and  SEA 
and  24.0110  for  TST-I  was  sliced,  eluted  and  dialyzed. 
The  material  was  freeze  dried,  solubilized  and  assessed 
for  purity  by  SDS-PAGE  analysis.  Such  preparations 
were  free  from  contaminating  proteins. 

Cells 

Cultured  human  PT  cells  were  prepared  from  autopsy 
kidney  as  described  previously  [6|.  Cells  were  trypsi- 
nized  and  seeded  ( 1  x  1(F)  in  60  x  15  mm  plastic  Petri 
dishes  and  grown  for  6  days  in  medium  containing  10% 
fetal  calf  serum  and  no  antibiotics.  On  the  6th  day, 
medium  was  removed,  cells  were  washed  with  phos¬ 
phate  buffered  saline.  (PBS)  and  incubation  continued 
for  24 h  in  medium  containing  LPDS  ( I  mg  protein  ml). 
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IS  IB  binding  imv.iv 

L'nlcss  otherwise  dcscrit.il  in  the  text,  the  following 
.iv-.iv  was  adopted  to  measure  (he  binding  ol  '"l-SEB  to 
IT  eelis  Medium  was  removed  from  cells  primed  with 
LPDS  Next.  Iresh  medium  (2ml)  and  '"'l-SEB  (2/cg 
ml)  plus  a  twenty  fold  excess  of  unlabeled  SEB  was 
added  and  incubation  continued  for  2  h  a.  37 °C  Next, 
the  medium  was  discarded  and  the  cells  washed  with 
5  m.  of  PBS  containing  0.2%  bovine  serum  atbum.n 
(maintained  at  4°C)  and  5  times  with  PBS.  The  mono¬ 
layer  was  solubili/ed  in  I  N  NaOH.  protein  and  radio¬ 
activity  was  measured  according  to  Lowry  et  al.  ( I2|  and 
scintillation  spectrometry,  respectively.  Specific  bind¬ 
ing  of  '-"I  toxin  to  PT  cells  was  calculated  by  subtracting 
(he  data  obtained  in  the  absence  of  uniahclkd  toxin 
from  (he  data  obtained  in  the  presence  of  2(1  fold  excess 
of  unlabciled  toxin. 


Incubation  of  celts  with  enzymes 

Cells  prcincubated  with  medium  containing  LPOS  were 
further  incubated  for  5  mm  at  37”C  with  trypsin  (0- 
5tN>  Mg/ml).  The  reaction  was  terminated  by  removing 
the  enzyme  solution  from  the  dishes,  washing  the  cells 
with  PBS  and  incubation  with  soybean  trypsin  inhibitor 
followed  by  extensive  washing  with  PBS  Trypsin  treat¬ 
ed  cells  were  used  in  '-T  toxin  and  in  '-T-LDL  binding 
studies  (13).  Similarly,  ceils  were  incubated  with  neura¬ 
minidase  (0.5  units/ml  to  2.0  unilvm!)  und  endoglycoc- 
eramvdase  (0.15  m(|liun;ts~ti.n  milliumts/mi)  for  I  h  at 
37” C.  washed  and  ;he  binding  of  '-"l-SEB  pursued  as 
described  above. 


Incubation  of  cells  with  glycosphingohptds 

Cells  preincubated  with  medium  containing  LPDS  were 
further  incubated  with  fresh  medium  containing  gly- 
cosphingolipids  and  '"l-toxin  mixture.  Glycosphingoli- 
pids  were  taken  into  i  sterile  glass  tube  and  dried  in  N. 
atmosphere.  Then  medium  containing  LPDS  was  add¬ 
ed.  sonicated  and  suitable  aliquots  added  to  the  assay 
mixture.  After  incubation  for  2  hr  at  37”  C  the  assay  was 
terminated  and  the  binding  of  toxin  to  PT  cells  mca- 

Nured. 


0  12  3  4  « 

Tim*  (hr) 


Fta  2.  Effect  of  ttmr  of  mmhrnim  <m  thr  hmJing  of  ‘  'l-SF.B  to  PT 
crU\  Fhc  protocol  of  thr*  erpenoem  +*%  kIc.uicoJ  to  ihai  described 
in  Fip.  I  cvccpt  that  cclK  were  imitated  »nh  20  fold  o\cc\*  *»f  the 
SEB  and  ±  '’l-SEBOM^mh  for  1.2. 4amJ  Mir  4137*0.  The  specific 
Nmlmt!  of  ' ‘l-SEB  to  PT  cclK  wn  calculated  a*  ilocnhcd  in  Fiji.  I. 
The  dat j  represent*  average  value*  obtained  from  duplicate  dishes 
from  t»o  separal?  batches  of  PT  cdh  analyzed  in  duplicate. 


Results 

B.nrling  of  '-'l-staphylococcal  enterotoxtn-B  (SEB)  anil 
other  toxins  by  cultured  normal  human  proximal  tubular 
IPT)  cells 

The  binding  of  '-"l-SEB  to  PT  cells  is  shown  in  Fig.  1. 
Maximum  high  affinity  binding  occurred  with  2  Mg  of 
SEB  and  TST-I  but  not  SEA  per  ml  medium.  The 
binding  of  '"l-SEB  to  PT  cell  was  saturated  at  higher 
concentration:  5  Mg/ml  medium.  1  he  ratio  of  binding  of 
TST-I.  SEA  and  SEB  to  PT  cells  was  on  the  order  of  I : 
1.5  :  3.  respectively:  The  binding  of  '"l-SEB  to  PT  cells 
was  time  dependent  (Fig.  2).  For  example,  a  linear 
increase  in  ihc  binding  of  ihis  toxin  occurred  up  to  2  hr 
followed  by  a  plateau  after  4 hr.  The  inclusion  of  anti¬ 
body  against  SEB  in  the  assay  mixture  quantativcly 
inhibited  the  binding  of  ihis  toxin  to  PT  cells  (Fig.  3).  A 
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Fig.  J  Effm  of  mubody  *gmnu  SEB  otuke  bi*Bmgof,:*bSE8  m  FT 
crib  rocuJturedPTtribO.  1.5.  IOjnd25pg  of  antibody  agaimt  SEB 
added  pnor  lo  *V  addt«rxi  of  2  pg/rrA  of  '"l-SEB  Incubation  wa* 
earned  out  foe  4  hr  at  37*  C  and  i  V  specific  binding  of  '•**! -SEE  to  PT 
crib  was  measured  TV  data  repments  average  values  obtained 
from  duplicate  dtwv:*  from  two  bafehes  of  PT  cells  analyzed  *n  du¬ 
plicate. 

linear  decrease  in.  binding  occurred  upto  (Ofig/ml  of 
SEB  antibody. 


Displaceable  binding  of  ,’oxuj  in  PT  cells 

Displaceable  binding  assays  employing  a  fixed  amount 
of  i:‘I-toxin  and  increasing  concentrations  of  unlabeled 
toxin  revealed  that,  first,  unlabeled  SEB  was  unable  to 
compete  for  the  binding  sites  for  ‘-‘l-SEA  and  '-'I-TST 
(Fig.  4A).  Similarly,  unlabeled  SEA  was  unable  to 
compete  with  the  binding  of  l-SEB  to  PT  cel!  recep¬ 
tors  (Fig.  4B). 

Effects  of  trypsin,  neuraminidase  and 
endoglycoceramidase  on  the  binding  of  n' l-SEB  and 
oi her  loans  in  PT  cells 

Preincubation  of  ceils  with  trypsin  and  neuraminidase 
maximally  decreased  i:T-SEB  binding  in  the  order  of 


26.K"..  and  .V)  4"...  respectively  compared  to  control. 
(Table  I).  Under  similar  conditions,  trypsin  (5i'Kl/ie  ml) 
inhibited  SO'';,  of  1  T-LDL  binding  to  PT  cells.  Preineu- 
bation  of  PT  cells  with  cndoglycoccramidasc  did  not 
impair  the  binding  of  '-’‘l-SEA  or  '"l-TST-l  (data  not 
shown).  Preincubalion  with  endoglycoceramidasc- 
(0. 15-0.6  milliunil.ini) completely  inhibited  the  binding 
of  '"l-SEB  to  PT  cells  (Table  I ). 


Effects  of  glycospliingoiipids  on  the  binding  of  l-SEII 
to  P  T  cells 

Maximum  inhibition  of  binding.  (54.2%  relative  to  con- 
trol)  occurred  with  WK)>ig/ml  gangliosides  (Table  2).  In 
contrast,  when  SO/xg/ml  neutral  glycosphingolipids 
were  added  in  the  incubation  mixture.  %.7%  inhibition 
of  '-'‘l-SEB  binding  to  PT  cells  occurred  as  compared  to 
control. 


Our  major  findings  in  this  report  are:  first,  kidney  prox¬ 
imal  tubular  cells  have  high  affinity  binding  sites  ( recep¬ 
tor)  for  SEB:  second,  preincubation  of  cells  with  en- 
doglycoceramidase  and/or  human  kidney  neutral  gly¬ 
cosphingolipids  markedly  inhibited  the  binding  of  SEB 
to  PT  cells.  Third,  in  contrast,  cndoglycoceramidase 
treatment  did  not  impair  the  binding  of  '-‘l-SEA  or 
,:‘I-TST-I  to  PT  cells.  Moreover,  these  toxins  were 
unable  to  ccmpctetively  displace  SEB  from  binding  to 
PT  cells. 

Previous  studies  in  experimental  arimals  and  man 
have  suggested  that  the  kidney,  in  general  and  proximal 
tubular  cells  in  the  kidney  cortex  in  particular,  may  play 
a  major  role  in  the  pathophysiology  of  SEB  induced 
toxemia  j4.  5). 

We  have  found  that  PT  cell  can  bind  '-’’l-SEB  first, 
via  a  high  affinity  receptor  mediated  mechanism  at  low 
concentrations  of  toxin,  as  well  as  a  nonsaturable  recep¬ 
tor-independent  mechanism  at  high  concentration  of 
SEB  (Fig.  1).  Competition  experiments  with  unlabcled 
SEB.  and  antibody  against  SEB  which  quantitatively 
inhibited  i:'!-SEB  binding  suggest  that  the  receptors  in 
such  cells  are  specific  for  SEB.  The  inclusion  of  3-iodo- 
tyrosine  (3  x  HI  '  M).  an  inhibitor  of  deiodinaso  in  the 
assay  mixture,  did  not  alter  the  binding  of  i:'l-SEB  in 
PT  cells  (data  not  shown).  These  findings  suggest  that 
the  binding  of  ,:'I-SEB  of  PT  cells  is  not  due  to  the 


Discussion 


fit  4  Compel  row  fundi*  t  of  SEB.  SEA  a*  d  TST-f  to  PT  ifih.  The  protocol  t>f  tho»  experiment  was  xmHiar  i o  (lie  legend  ft»r  Fig.  I  except  that 
following  (he  addition  of  ‘I  loxm  SEA  and  TST-l  (Fig.  A)  untaheted  SEB  (Ik-SRI/ng  nd)  wax  added.  Similarly  to  anther  xet  ot  dtxhcv  '"ISEB 
plus  0-5(11) pg  ml  uo labeled  SEA  was  added  and  the  dtxpiaccaMc  landing  of  toxin  wax  measured  (Fig.  B)  The  results  represent  data  from  one 
experiment  analysed  in  duplicate 


removal  of  ,:'l  by  a  deiodinasc  and  the  subsequent 
labeling  of  cells  with  '-'I.  Rather.  '-'l-SEB  binding  is 
due  to  the  presence  of  receptors  in  PT  cells. 

To  investigate  the  nature  of  the  SEB  receptor  on  PT 
cells,  studies  were  pursued  further.  First,  preincubation 
of  cells  with  trypsin  and  neuraminidase  followed  by 


TMr  /  Eftecu  ot  IrvpMl.  ncuniimriiir  sad  cadoftycoceramHluc 
on  the  binding  of  '‘ISE0  and  '-"l-LDL  i«  normal  Human  kidney 
proximal  tubular  ccih 
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*  One  unit  of  neuramintdaut  releaxc*  I  Mmole  of  neuraminic  acid,  min . 
**  One  umt  of  endoglycoceramulwe  rcleaxct  I  jamotc  of  glucoie  from 
bovine  brain  ganglioudeVmM. 


binding  assays  only  moderately  decreased  '-'l-SEB 
binding.  Under  similar  conditions,  trypsin  inhibited 
80%  of  the  binding  of  i:‘ l-LDL  to  PT  cells  compared  to 
control.  Previously,  digestion  of  rat  liver  membranes 
with  trypsin  was  found  not  to  impair  the  binding  of 
cholera  toxin  (14|.  Second.  SDS-PAGE  analysis  of  PT 
celts  incubi  >ed  with  '-l-SEB  for  2  hr  revealed  a  labeled 
band  at  the  dye  front.  In  no  instance  did  toxin  bind  to 
any  other  band  visible  in  the  coomassie  brilliant  blue 
stained  gel.  Third,  inclusion  of  fetuin  (250/ig/ml).  a 
serum  glycoprotein  in  the  assay  mixture,  did  not  impair 
the  binding  of  ,:,I-SEB  to  PT  cells. 

Recently  the  binding  of  SEB  to  humanTcetls  bearing 


Tuhie  2.  Effect*  of  human  brain  ganghoudci  and  human  kidney 
neutral  jdycotphtngoltpHis  on  the  hiding  of  ’’‘l-SEB  in  normal  hu¬ 
man  proximal  tubular  cells. 
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I’.irtuul.ir  VB  N.quencvs  .in  p.irt  of  their  receptors  for 
ni,i|or  hiNtOLomp.itihilily  complex  protein-associated 
antigen  has  been  shown  |3|.  In  another  study  a  unique 
site  on  class  I!  MHC  proteins  to  which  SEA.  SEB  and 
1ST- 1  hinds  was  shown  |2]  The  reasons  for  the  dis¬ 
crepancies  in  the  above  studies  and  ours  is  not  clear 
presently.  Since  the  amino  acid  sequence  of  TST-1 
hears  little  resemblance  with  SEA  and  SEB.  the  bind¬ 
ing  of  these  three  toxins  to  an  identical  site  af  pours 
non-specific.  Moreover,  SEB  is  only  2K"o  homologous 
;o  SEA  and  the  binding  of  SEA  to  such  sites  is  10-13 
times  higher  than  SEB  (2).  We  also  found  that  un- 
labcled  SEB  was  unable  to  displace  SEA  or  TST- 1  from 
binding  to  PT  cells.  Similarly.  SEA  or  TST-I  were 
unable  to  displace  SEB  from  binding  to  PT  cells.  More¬ 
over.  in  our  studies,  pretreatment  with  trypsin  only 
partially  decreased  the  binding  of  SEB  to  PT  cells  com¬ 
pared  to  preincubation  of  cells  with  giycosphingolipids 
or  endoglycoctrarmdase  which  dramatically  decreased 
i:'l-SEB  binding  to  PT  cells  (see  below).  Our  studies 
lead  to  the  suggestion  th  it  there  is  a  clear  dichotomy  in 
regard  to  the  nature  of  receptor  for  SEA.  TST-I  and 
SEB. !»  case  ofSEA  and  TST-1  the  receptor  is  clearly  a 
protein,  in  contrast,  in  case  of  SEB.  the  receptor  is  most 
probablv  a  glvcosphingolipid. 

Several  giycosphingolipids  have  been  suggested  to 
serve  as  receptors  for  various  toxins.  For  example.  CM, 
(ceramide-glucose-galactose-NacetvIncuraminic  acid) 
and  Moootriosyl-ceramide  (ceiamide-giucose-galac- 
lusc-galactose)  serve  as  receptors  for  cholera  toxin  and 
veroc/totoxin.  respectively  |14.  15].  Similarly,  a  large 
number  of  commonly  occurring  bacteria  and  pathogen¬ 
ic  bacteria  have  been  found  to  bind  specifically  to  lacto- 
sylceramide  (Ceramide-glucose-galactose)  ( I9|.  We  in¬ 
vestigated  whether  giycosphingolipids  may  also  serve  as 
a  putative  receptor  for  SEB  in  PT  cells.  First,  we  found 
that  human  kidney  neutral  giycosphingolipids  are  a  po¬ 
tent  inhibitor  of  SEB  binding  to  PT  cells.  Such  findings 
are  in  agreement  to  previous  reports  suggesting  neutral 
giycosphingolipids  as  probable  receptors  for  toxins. 
Furthermore,  preincubation  of  cells  with  endoglvcoc- 
eramtdase  resulted  in  complete  inhibition  of  i;T-SEB 
binding  to  PT  cells.  This  enzyme  specifically  cle.  .es  the 
glyc^syl  moiety  from  giycosphingolipids  (22|.  Finally, 
our  preliminary  studies  reveals  direct  binding  of  SEB  to 
a  human  kidney  neutral  glvcosphingolipid.  Taken  to¬ 
gether  eui  findings  suggest  that  most  probably  a  neutral 
gl  vcosphingolipid  in  PT  cells  serves  as  a  putative  recep¬ 
tor  for  SEB.  Further  studies  are  under  way  in  our 
laboratory  to  determine  the  structure  of  the  putative 


glvcosphingolipid  receptor  and  to  establish  structure 
function  relationships. 
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